CALIFORNTIA DIVISION OF MINES ANDN GEOLOGY
FAULT EVALUATION REPORT FER-125

November 24, 1981

Name and location of fault.

Maacama fault, Brooktralls Ranch to Spy Rock Road area, northern

Mendocino County, California (see Figure 1).

Reason for evaluation.

Part of a state-wide program to evalnate and zone active faults in

California {see Hart, 13880).
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Summary of avallable data.

The Maacamé fault zone consists of a seriez of right-lateral Faults
aleng which movement has occurred during Holocene time (Harding—Lawscnl
and Associates, 1977a; Pampeyan, et al., 1981; Upp, 1981). Herd (1978)
has suggested that the Maacama fault zone is part of a larger system of

faults, the Hayward-Lake Mounfﬂén fault system, which bounds the Humbeoldt
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and North American plates. According to Hard,‘the Maacama is connected
to tha San Andreas fault system via the Rééera Creek-Healdsbury, Hayward,
and Calaveras faults to the south.

Gealey (1951) named the Maacama fault zone and cited evidence of
recent mevement near Healdsburg, about 50 miles south of the area studied
herein. Almost none of the geology of Mendocine County has been mapped
in detail. Neither the most detailed geologic map of the area (Jennings
and Strand, 1960), mor the‘Fault Map of California (Jennings, 1975) show
any of the faults evaluated herein.

In January 1978, the U, 5. Army Corps of Engineers released a study
of the Maacama fault. Within the Corps' report were three other reports
{Dames and Moore, 1977: Harding-Lawsen Associates, 1977a and 1977h). To
delineate the Maaﬁama fault (which they called the Talmage fault),
Harding-Lawson Associates primarily relied upon aerial photo interpreta-
tion, literature research, and limited field reconnaissance. The primary
objective of the Corps' study, and the Harding-Lawson atudy, was to deter-
mine the overallllength of the active Maacama fault so that the maximun
credible earthquake could be estimated.

Harding-Lawson's (1ang) 1:24,000-scale maps of the Maacama fault
zone cover only the area south of 30° 30" N. In the Willits NW quadranple,

their cobviously highly generalized fault map shows from one to three
faults in a 2000-foot wide zone (see Figure 2A). There are no annota-
tions on their map of this quadrangle documenting the basis for the
location or recency of the faulta depicted.

The Corps of Englueers (1978) report also includes 1:62,500-scale
maps of the fault. The Corps show the Maacama fault as a mone of discon-

tinuous faults (see Figures 2A to 2E). This zone is depicted as up to
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two miles wide, in places, extending from near Spy'Rock Foad southward
beyond the area studied herein. The [aults that the Corps depict are
mostly annotated, although a few are not. Some landslides are also showh
Finally, the Corps (p. 16) concluded that all Lhe features they ohzerved
reflected Pleistocene op younger faulting.

After the Harding-Lawscn Associates and Dames and Meore studles were
completad, a M.H.B earthquake cccurred near Willits., During lhe post-
earthquake investigation, Harsh detected evidence of fault creep in
downtown Willits about two miles southeast of Brooktrails Ranch (Simen,
et al., 1978). Subsequently, quite convincing evidence of fault crcep
has been documented near Ukiak, about 20 miles south of the study area,
as well as in Willits (Harsh, et al.,, 1978: Pampeyan, et al., 1980 and
1981; Upp, 1981; Smith, 1981).

Pampeyan, et al. (1980 and 1981, the two of which are identical)
delineated the Maacama fault zone in and southeast of the area evaluatﬁd.
herein. They show "lineaments and features interpreted to be the result
of precent (Holocene) movements with the Maacama fault zone." Their mép
is annotated, lut they state (p.5) that only "especially clear' features
are noted.

The zone of faulting depicted by Pampeyan, et al., which ranges from
about one-half to five mile: wide In the area studied, consists of a
series of discontinucus, subparallel faults (see Figureé 2A, 2B, 2C, 2D,
and QE). Several of these faults are not anmotated. It is not always.
clear from the map which faults they consider te be the main active break.
They =tate {p. 6) that evidence of recent faultlmovement is well-developed
about four miles south of Laytonville, where several offset drainages, sag

ponds, and trenches are visible mver a distance of three miles (see

[
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Figures 2C and 2D). They further state that along Lomg Valley Creck, to

the south, extensions of these lincaments are "poorly defined or unrecog-

nizable." They indicate thal some less prominent lineaments mapped by
. o
the Corps of Lngineers (1978) on the east side of Laytonville Valley
"

arc not shown on their map.

Pampeyan, et al., state they interprcted black and white aerial photo-
graphs of the area studied herein. They also state that only a few of
the lineaments northwest of Willits werc field checked. According to a
zmall index map, they only Interpreted l:80,d00~scale photos for most of
the area studied here; 1:24,000- and 1:35,000-scale photos were used only
in the southeasternmost and nerthermmost parts of the study area.

Upp (1981) has also prepared a map of the Maacama fault zone (Figures
2A, 2B, 2C, 2D, and 2E). He not only identified many geomorphic features
present along the varicus faults, but also attempted to indicate how
certain he was that Holocene movement had occurred aleong each sepgment.

The overall width of the zone of faults he shows ranges from about one
to three and cone-half miles; however, all of the faults he believes are
probably (greater than 50 percent certainty) or certainly (greater than
85 percent certainty) Holeocene lie in a fairly narrow zone less than
one-half mile wide. He shows all other faults as possib%g Holocens (20
to 5@.percent certainty).

Upp indicates in his Appendix A that there are several Fault traces
along which Holocene movement has probably (greater than 50 percent cer-
tainty) occurred in the area between Brooktrails Ranch and Rowes Creek

(Figure 2A). Between Rowas (Creek and Dutch Henry Creek (Figure 20%),

#Note: There are two Dutch Henry Creeks in the study area, one on Figure
2C and one on Figure 2A.
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he reports that the recently active traée of the Maacama fault is largely
obscured by numerous landslides and Franciscan melﬁnge. Near Dutch Henry
Creek (figure 2C), Upp (p. 12) cites the existence of several short,
"somewhat disorganized" faults that are probably Holocene in age (greater
than 50 percent certainty); Elightly to the north, Upp indentifies the
southern end of his "Laytonville Fault gegment ," noting that Wilson Gulch
and other drainages are right-laterally deflected. Upp indicates this
segment has almost certainly been active during the Holocene, as evidenced
by sag ponds, deflected drainages, and similar features. le also reports
this fault appears to "die oﬁt" to the nmorth: the faults he depicts te the
north (Figures 2D and 2E} may have been active during the Holocene, but
such activity is "questionable" (Upp, 1981, Appendix A).

The faults mapped by Upp (1381) are quite similar to those mapped by
the Corps of Engineers (1978), although Upp mapped more faults and shows
more continuity. Also, Upp annotated his maps more extensivelylthan did
the Corps. A comparison of the maps of Upp (1981l), the Corps of Engineers
(1978), and Fampeyan, et al. {1981) reveals thaF all generally agree on
the locations of regently active faults whefghgg;a for recency are best
{(south of Rowes Creek, Figure 2A; and, between Dutch Henry Creek and
Temmile Creek, Figures 2C and 2E)}. Where the evidence for recency is not
as clear (primarily in landslide areas or intensively sheared melange
terrain), Pampeyan, et al., often differs substantially from Upp and the

Corps=.

Air photo interpretation and field ohservations.

U. 8. Department of Agriculture (1952) aerial photographs were inter-
preted in order to detect evidence of recent faulting. NASA (1972) photos

supplemented the U.5.D.A. photos, but were not nearly as useful. All of
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the faults depicted‘by Upp (1981), Pampeyan, et al. (1981), and the Army
Corps of Tngineers (1978) were examined on the photographs, and were
selectively annotated (in red on Figures 24 through 2E). Im addition,
some zites were field checked. BSuch field cbaervations were very limited
because of the paucity of access roads, the rugged terrain, and the limit-
ed time awvalilahle to complete this evaluation, No evidence of fauit areean
was found in the study area.

Much of the study area is underlain by Pranciscan materials, although
continental deposits, presumed to be Quaternary‘in age, are present near
Laytonville. The Franciascan in the area includes several types of rock,
including sandsicne, shale, greenstone, serpentine, and ﬁnstable melange.
These highly contrasting lithelogies, coupled with the landslide-prone
melange, frequently result in the develepment or enhancement of features
that are permissive evidence of recent faulting. Several such features
have been identified by Upp (1981), Pampeyan, et al. {1951}, and the Corps
of Engineers (1978), and form the bhasis for many of the faults each Jde-
picts. Such features appear to account for the width of the =zone of
faulting depicted Ly Upp and Pampeyan, et al., in particular.

Based on the photos interpreted, it appears that a relatively narvow,
reasonably well-defined, zone of recent faulting is present im the area
studied. Locally, the recent faults are obscured by landslide deposits.
ar are nﬁt well expressed {eszpecially in some melange areas). Alsm, the
recent faulting has been complicated locally by pre-existing geologic
structures which strike oblique to the direction of principal atress.

In the Willits NW quadrangls, there appears to be only one clearly
identifiable Holocene fault south of Section 26, (T19N, RIL4W). Several

features permiznive of recent faulting are present aleng the trend shown
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on Figure 3A. The number and variety of these features, as well as the
existence of one closed depression, the continuity of the zone, and the
presence of more definitive geomorphic evidencze to the southéast and north
strongly suggest this is the active trace.

Near Twina Rocks (Seetion 23), the faulting is complicated by land-
alides and Holocene lateral spreading (Figure 3A). An excellent example
of a ridge rent or lateral spread fault (probably caused by lateral spread
ing) exists in NE% Section 15 (T19N, R14W; Figure 3B). The development of
this feature during the Holocene is inferred from the presence of a nlosed
depression and =idehill trench. The recent faﬁlting to the west can he
traced northward to about the center of Section 4 with reasconable certainty.

amd Seatiom 19 (TZON R HW)

Between Section 4 (T19N, RI4W) are several large landslides (Figure 3B).
In places the approximate location of the fault may be generally inferred,
but specifiec evidence for recent faults is lacking. From about 5Sam Watt
Rock (Section 29) northward to Dutch Henry Creek, all svidence of recent
faulting has been obliterated by recent landslide movement.

‘ amd 18(TZON,R14wW)

To the pcrth, in the area of Sections 12 (T20N. RlSWlf there are
several lines of features apparently produced by recent faulting or fault-
like movements. The western margin of this zone iz defined hy a clearly
recognizable line of scarps, right-laterally daflected drainages, a linear
trough, and similar features. The eastern margin appears to be the main
trace of the active fault since it can be traced northward for several
miles. Along this eastern fault, a small shutter ridge, with opposed drain-
apas on either side, was cobserved in the field. Between the eastern and
western faults are several northwest-trending troughs and small valleys,

one or two of which appear to comtain closed depressicms. The width of the

zone in this area may be due to pre-existing local geclopic structure,

L ol
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lateral spreading, or the fact that the trend of the main fault changes
in this area. |

Essentizlly, a single, well-defined linc of recent fault-produced
features is present from Seciion 7 (Figure 3B) northward to Section 25
(T21N, R14W; Figure 3C). Indeed, these features are the bLest evidence
for the existence of a Holocene fault in the northern part of the study
area. Late Quaternary terrvace gravels exposed in the creekbanks (Sec-
tion 25) crossing this trend appear to have a vertical fabric. Also,
in Section 25, the fault is bounded by Pleistocene or Pliccene contin-
ental deposits on the east and Francizcan on the west.

Noprth and weal of Section 25 (T21N, R15W), Upp (188l1), Pampeyan, et

al. (1981) and the Army Corps of Engineers (1978) have suggested several

' possible traces or branches of the Maacama fault. However, conclusive

evidence of Holocene movement is lacking along any of the faults they
delineate. Although I have identified an additional possible fault trace
(Figure 3D), the evidence does not conclusively demonstrate that these
features are fault-produced or indicative of recent movement., Additional
features permissive of Holoceme faulting are preseht to the north of

laytonville (data not-included in this FER).

Selsmicity.

Dames and Moore (1977) conducted a detailed study of the seismicity
along the Maacama fault. They report that relatively complete records and
locations of earthquakes are available only for the period since 1962.
They state that the apparent lack of recorded earthguakes less than M 3.5
north of Willits (southeast of the study area) is probably related more to
the detection capabilities of the University of California and U. 5. Geo-

logical Survey seismic networks than to the lack of seismlicity.-
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Dames and Meore directed their effﬁrts at detecting microearthquakes
alony the Maacamé fault zonme. While the seismographic record from 1906
to 1976.doea not clearly show a zone of greater seismic activity along the
Maacama, the microseismic survey, conducted ovar a 72-day period ending
September 23, 1977, does appear to document selsmic actiﬁity associated
with the Maacama fault. The zone of activity seems to be centered abott
five kilometers east of the mapped trace. Dames and Moore reported that
the northern end of this zone of microseismicity is located about 10 kil-
ometers north of the northern end of the fault as mapped Ey the Corps of
Engineers (1978). They reported that the fault plane solutions were con-
sistent with right—lateral, strike-zlip movement.

A M L4,8 earthquake occu:red near Willits in November 1977, just after
the Dames and Moore study concluded. Simen, et al. (1978) suggested,
based on University of California, Berkeley data, that this epicenter was

lecated about nine miles east of the Maacama fault.

Conglusions.

Geomorphic features indicate that Holocene, right-lateral displacement
has occurred along a fairly well-defined zone extending from the Wiilits
NW quadrangle to the Laytonville quadrangle {Figures 3A, 3B, and 3C).

This zone is an extension of the Maacama fault, along which historie fault
creep has been documented in Willits, three kilometers to the southeast of
the study area (Smith, 1981). In addition, seismicity in the study area
appears to be associated with the Maacama fault. Locally, the fauit iz
not well defined. It is difficult or impossible to detect the fault in
some highly unstable areas even though an active fault may be present (for
example, between Section 4, T19W, R1UW and Dutch Henvry Creek, Figure 3B).

Evidence suggests that lateral spreading of the ridges may have complicated

fO
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the picture locally (near Seotion 15, T19N, RILW, and Section 13, T20¥,
R15W). Where fault-like features probably produced by lateral spreading
(ridge rents) are vemote from the zone of recent strike-slip faulting,
they have not been zoned. 5Some probable ridge rents closely aséociated
with recently active traces of the Maacama fault have been zoned, singe
tectonic movement may occur alomg part of all of the feature. The like-
lihood of such an event is probably lower the farther the feature is from
the main,active, fault trace.

Aithough Dames and Moore (1977) have documented a zone af microseis-
micity having a northern terminus several kilometers north of Laytenville,
the zcnelof Holocene faulting does not appear to be sufficiently well
defined through and north of "Laytouville Valley."

It appears that the criteria and methodology used by Upp {12981),
Pampeyan, et al. (1981), and the Corps of Engineers (1978) differ substan-
tially from that used for the Alquist-Priolo Project. As a result, the
conclusions regarding location and recency of faulting also differ sub-
stantially. LUxeept for thoée faults or fault segments which coincide with
those depicted in Figures 44, 4B, and 4C, the faults and lineaments shown
by Upp, Pampeyan, et al., and/or the Army Corﬁs of Engineers db not appear

to be sufficiently active and well-defined to warrant zoning.

Recommendations.

Those Faultz delineated on Fipures LA, UB, and 4C should be zZoned.
Because the meaning of the line symbols used by Upp {1981) and Pampeyan, et
al. (1981) differ from those used on the Special Studies Zones maps, the
faulta should be depicted and zoned as shown on Figures ﬁA, 4B, and 4C.

The locations of the faults shown were obtained principally from this FER,

(Figures 2A, 3B, and 3C) and are partly supported by data of Upp (1881),

[l
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Pampeyan, et al. (1981), and the Army Corps of Engineers (1978). There-

fore, these references should be cited on the 557 maps.

9, Investigator; date.

Ao (N

Theodore . Smith
Associlate Geologist
RG 3445, CEG 1029
Novembar 24, 1981
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